INTEGRATED CIRCUIT PACKAGE SYSTEM WITH WARP-FREE CHIP
TECHNICAL FIELD The present invention relates generally to
integrated circuit package systems, and more particularly to a system for
integrated circuit package systems with chips on leadfingers. BACKGROUND
ART Increased miniaturization of components, greater packaging
density of integrated circuits ("ICs"), higher performance, and lower cost are
ongoing goals of the computer industry. As new generations of IC products
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An exemplary semiconductor package well known in the electronics industry
is the ball-grid array ("BOA"). BOA packages typically comprise a substrate,
such as a printed circuit board ("PCB"), with a semiconductor die having a
multitude of bond pads mounted to the top side of the substrate. Wire bonds
electrically connect the bond pads to a series of metal traces on the top side
of the PCB. This series of metal traces is connected to a second series of
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and meet competltlve pressures adds an even greater urgen%/gto the_ critical
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aspects will become apparent to those skilled in the art from a reading of the
following detailed description when taken with reference to the accompanying
drawings.



BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a cross-sectional
view of an integrated circuit package system in a first embodiment of the
present invention; FIG. 2 is a cross-sectional view of a wafer in an
intermediate stage of manufacture in accordance with the first embodiment of
the present invention; FIG. 3 is the structure of FIG. 2 after forming a
stress-relieving layer thereon; FIG. 4 is the structure of FIG. 3 during patrtial
or MI curing 6ftbrelepaddorsfaimyudyefepres, Bl isesad e wizaies, ad
aftepfaremnipgkagirpdhesipimtayerdthesean; diGrabldsd tenstuicivie Bt wber
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FIG. 6 after mounting and dicing the wafer and forming individual
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of the wafer and the material of the adhesion layer. This warping would cause problems
because the wafer would not lie flat for taping, dicing, and/or die attaching.

Thus, a need still remains for an integrated circuit package system with lower
costs, and with higher performance, increased miniaturization, and greater packaging
densities, to provide and support systems that are capable of achieving optimal thin,
high-density footprint semiconductor systems. In view of the ever-increasing
commercial competitive pressures, along with growing consumer expectations and the
diminishing opportunities for meaningful product differentiation in the marketplace, it is
critical that answers be found for these problems. Additionally, the need to save costs,
improve efficiencies and performance, and meet competitive pressures adds an even
greater urgency to the critical necessity for finding answers to these problems.

Solutions to these problems have been long sought but prior developments
have not taught or suggested any solutions and, thus, solutions to these problems have

long eluded those skilled in the art.

DISCLOSURE OF THE INVENTION

The present invention provides an integrated circuit package system including:
providing an integrated circuit wafer having an active side and a backside; forming a
stress-relieving layer on the backside; forming an adhesion layer on the stress-relieving
layer; dicing the integrated circuit wafer into a semiconductor chip with the stress-
relieving layer and the adhesion layer on the backside of the semiconductor chip; and
mounting the semiconductor chip over electrical interconnects.

Certain embodiments of the invention have other aspects in addition to or in
place of those mentioned above. The aspects will become apparent to those skilled in the
art from a reading of the following detailed description when taken with reference to the

accompanying drawings.



FIG. 10 is the structure of FIG. 9 after wire bonding bond wires between the
semiconductor chip and the leadfingers; FIG. 11 is the structure of FIG. 10
after encapsulation; FIG. 12 is the structure of FIG. 11 after removal of
the leadframe tape and singulation of the integrated circuit package system;
FIG. 13 is a cross-sectional view of an integrated circuit package system in a
second embodiment of the present invention; FIG. 14 is a cross-sectional
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described in sufficient detail to enable those skilled in the art to make and use
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detailgerIn order to avoid obscuring the present invention, some well-known
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forming individual semiconductor chips;
FIG. 8 is a view of the semiconductor chip after die attach;
FIG. 9 is the structure of FIG. 8 during completion of curing of the stress-
relieving layer and the adhesion layer;
FIG. 10 is the structure of FIG. 9 after wire bonding bond wires between the
semiconductor chip and the leadfingers;
FIG. 11 is the structure of FIG. 10 after encapsulation;
FIG. 12 is the structure of FIG. 11 after removal of the leadframe tape and
singulation of the integrated circuit package system;
FIG. 13 is a cross-sectional view of an integrated circuit package system in a
second embodiment of the present invention;
FIG. 14 is a cross-sectional view of an integrated circuit package system in a
third embodiment of the present invention;
FIG. 15 is a cross-sectional view of an integrated circuit package system in a
fourth embodiment of the present invention; and
FIG. 16 is a flow chart for an integrated circuit package system for

manufacturing the integrated circuit package system.

BEST MODE FOR CARRYING OUT THE INVENTION

The following embodiments are described in sufficient detail to enable those

skilled in the art to make and use the invention. It is to be understood that other
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Likewise, the drawings showing embodiments of the system are
semi-diagrammatic and not to scale and, particularly, some of the dimensions
are for the clarity of presentation and are shown greatly exaggerated in the
drawing FIGs. Where multiple embodiments are disclosed and described,
having some features in common, for clarity and ease of illustration,
description, and comprehension thereof, similar and like features one to
anofidedimearditalfi) itk Srtsé aniiPikeFeferante HMdraraysiemperocess,
numerationmfdhaapbadimenisadasi o enddon strictiyiasseopaatteticopresent
descriptivg, convenience and has no other significance. For expository
purposes, the term "horizontal" as used herein js defined as a plane parallel
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integrated circuit kage system 100.in a first embodiment of the present
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stress-relieving layer 104 with a low maodulus of elasticity (modulus) and the
adhBESHPAET 108 GREY iR Sy AL AT i BF tREEe AiRABHHN b EHip
102 @gniagreuriig torocessas! Carfebelamidinized wrisfidrinatael G bperaiyl, &
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e e O e e Rl AR YL ARty
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and the adhesiaertayen 166 has ackighnieod Wus tofasrangeof arethannik
GPayements] NERIEST-FeligxA Ve 104 And theaghedgn ayer F0f.may, be

applied as films, tapes, or coatings, and can be partially or fully cured. The
stre S8 BB TaYEr i“‘dﬁ}(&’ﬁtﬂ’%St%fth‘h‘%eﬁi‘)ar?lf}fyé}ldi%r%'i‘%ah%ﬁ/ e er
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semicandusdorehipid Qi tenalRatrigal iNtRECapIIRELs, UGl 3Rdeadiingrica 1A8.
The ser 'acn%ggv%i;itgé ggingftl)nzwiﬁigll ctrically connected to the leadfingers 108
by bond wires and Is encapsu ated in an encapsulant 112. Referring
now to FIG Refarigeeiits hébilfh a dreisisectiohal viewsoreipater 2809 &h
intetimediate stagepafiganyfactu® in adberdancdnvith dthendigstemboditent of
the pressRERVERton: the waleA00ds aanerally of sliconQrathetcu ac)

semiconductor material and has integrated circuits (not shown) manufactured
on aRHOT RS MStERAFCT ORISR H How to FIG. 3, therein is shown the
structure of @G Zhaftemformingrthbisti@gsivealievingrtayend 0dy¢theéPdomdTie
wafgurR@@nhagam@ctive side 300 and a backside 302. The stress-relieving
layer 104 has been formed on the backside 302 by a process, such as rolling
or pressing for tape or film, spin coatirfg, spraying, or screen-printing for a
coating.



Referring now to FIG. 4, therein is shown the structure of FIG. 3 during partial
or full curing of the stress-relieving layer 104. A heat or light (e.g., ultra-violet)
source 400 applies heat or light 402 for the partial or full curing. It will be
understood that some stress-relieving materials may be self-curing without
the application of heat or light. Referring now to FIG. 5, therein is shown
the structure of FIG. 4 after forming the adhesion layer 106 thereon. The
adhesion lalféps1osTHEgONE IO AR By iotie B Presstitg farea thidy aldm,
and spinlgoatiRgs&prayingu s Sene ehepiintisignferyar CoBtingh a higRefiedring
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semiconductor chip 102 after die attach. The semiconductor chip 102 is on
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semicopductonehip 19208 pesiinnrd heiwean @aceyesHipe leadiingelisidif8.
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shown), which’is mounted on an optional leadframe tape 800. Referring
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curerafdhestiegsaelevingslayeril Odeangsthenaidbesion layer 106. A heat or
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understood that this complete cure is optional and is only used where partial
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layer 106 may be accomplished after the encapsulation process.
Ref@FHEEH8W (8318, 12, therein is shown the structure of FIG. 11 after
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some stress-relieving materials may be self-curing without the application of heat or

light.

Referring now to FIG. 5, therein is shown the structure of FIG. 4 after forming

the adhesion layer 106 thereon. The adhesion layer 106 may be formed by rolling or

pressing for a tape or a film, and spin coating, spraying, or screen printing for a coating.



The integrated circuit package system 1300 includes the semiconductor chip
102 over the leadfingers 108. The semiconductor chip 102 has the
stress-relieving layer 104 and adhesion layer portions 1302 of the adhesion
layer 106, which are adjacent the diced sides 1306 of the semiconductor chip
102. The adhesion layer portions 1302 are selectively formed on the
stress-relieving layer 104 just over the leadfingers 108 in such a manner as
to avoid walstSHEpIY By HrotidirgitinibAar MatstarePTE AisrTgRHt
ocCcCu.full curihbefadenideriductar chip Y0Reis ¢onheciaect tthglkadingensA:08
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eliminates the problem of bouncing leadfingers during wire bonding

he
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102 mpteisdresan D aaliara @ #Rd the adhesion layer 106. Under
the adhesioRefaysi 106 is arGadditineialistessrnglievingitaye FbR2dubhe the

addifignal stesssralieving. @M&Hgﬁg%h %Q%ﬁﬁ’ I RELRIMIDAe TR MMRIRING.

The semiconductor chip 102 is wire honded by bond wires 110 to the

leadifiy &P sod dArP te Sat it 8%&8%15‘&6%?&?%5?? eftcipstnanterse.
RefdrirginowpieE|@rel 8, dhierainaigl shown wdlovhahartfel ameintegrated in
circyitpagkagasystem 1600 for manufacturing the integrated circuit package

system 100, Iie integrated crgyitpackags, system 400, iclydes providing
an mtegratedecwcft wailer havmg an active side an(i B ein a lock

160Po7d MR Repdserre| é@kf@%%%?%@b%%ﬂé%%% bwéékeﬂwé&?gers

formiogy an adhesion layer on the stress-relieving layer in a block 1606;

dicing the '@%@ﬁg%%%'ﬁ@f?{ IHQASEUCRRAHCIQRERIR Wit after

stress-relieving layer and the adhesion layer on the backside of the
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It should be noted that as an option the completion of the cure of the stress-
relieving layer 104 and the adhesion layer 106 may be accomplished after the
encapsulation process.

Referring now to FIG. 12, therein is shown the structure of FIG. 11 after
removal of the leadframe tape 800 of FIG. 11 and singulation into the integrated circuit
package system 100.

Referring now to FIG. 13, therein is shown a cross-sectional view of an

integrated circuit package system 1300 in a second embodiment of the present invention.
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Thus, it has been discovered that the integrated circuit package system
method and apparatus of the present invention furnish important and
heretofore unknown and unavailable solutions, capabilities, and functional
aspects. The resulting processes and configurations are straightforward,
cost-effective, uncomplicated, highly versatile, accurate, sensitive, and
effective, and can be implemented by adapting known components for ready,

efficteAtnEsE et SheipakAsaAUTAR I APRY naBfic Ao Miasadu iRy SBignl 02 over
Whilgetleadimgentios. has been described in conjunction with a specific best

mode, it is tg,be HAAGHIRQAH t}fﬁéﬂ%&’ AUQNALNES,TOIFa0Ra Al sion

variations will be aé) parent to those skilled in the art in light of the aforegomg

desChitigH NEdSPaiNghy, WS intenaBt to EHiBrat A 8L Htehhden L0 of
modificatitms et vapaBoriBavHickidalhwithirtitie $68pe ofithevdhcloed on

clainps sidbmatters; lithenofore set fasthaargin oS OWe iR thenscaompanying
drawings are.to be |nte reted |n*an I||Uf E\f% %Qd aolptllmltlng sense. What

ing by pro 1 materia
is clalmeg é) g yR X\ manu acturln an mtegrateé circuit package

system con?&ﬁ§ﬁ?§°%‘9?ﬂ'i ﬁ@%@%&%@%ﬁé&%lf’dﬁ]ﬁ IGpdfeetiaviidaivat reiee;
formingaadstressprelie nthleynespeil dha Iackside of the integrated circuitwafer;

forming an adhgsion[Ryes eethe:SRRS relieNing lavesdiging e integrated

circuit wafer into_a semiconductor chip with the stress-relieving layer and the

ad h&?éWthy“é‘i“kﬁ’vQP“Ef?éebaY&‘ﬁEiolé‘08flﬂwaetE‘é?wﬁE‘Bﬂ‘Bf?&P&P%H’i?)p%ﬁe&tr%ﬁm?ﬂg
the demitemderttorehipcinehudingnthéOs insbalasetie vintclaylestorehivel Baoksite
andsmsagmgg[g}@,ygmon electrical interconnects. 2. The method as

claimed in glaim 4, wherelny foﬁmlr[‘fé L, adhesion Jayer forms, (g agiesign
layer on selected regions olfetﬁé stress- re?levmg ayer,;
adhesion layer 1402 is thick enough to form over the sides of the leadfingers 108. The
adhesion layer 1402, in addition to bonding to the top of the leadfingers 108, also bonds
on the sides of the leadfingers 108 to effectively cover the leadfingers 108. This
provides a lead-locking function for the leadfingers and eliminates the problem of
bouncing leadfingers during wire bonding.

The semiconductor chip 102 is wire bonded by bond wires 110 to the
leadfingers 108 and the structure is encapsulated in an encapsulant 1404.

Referring now to FIG. 15, therein is shown a cross-sectional view of an
integrated circuit package system 1500 in a fourth embodiment of the present invention.
The integrated circuit package system 1500 includes the semiconductor chip 102, the
stress-relieving layer 104, and the adhesion layer 106.

Under the adhesion layer 106 is an additional stress-relieving layer 1502. The
additional stress-relieving layer 1502 helps to further eliminate wafer warping.

The semiconductor chip 102 is wire bonded by bond wires 110 to the
leadfingers 108 and the structure is encapsulated in an encapsulant 1504.

Referring now to FIG. 16, therein is shown a flow chart for an integrated
circuit package system 1600 for manufacturing the integrated circuit package system
100. The integrated circuit package system 1600 includes providing an integrated circuit
wafer having an active side and a backside in a block 1602; forming a stress-relieving

layer on the backside in a block 1604; forming an adhesion layer on the stress-relieving
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dicing the integrated circuit wafer leaves portions of the adhesion layer only
adjacent the diced sides of the semiconductor chip; and mounting the
semiconductor chip mounts the portions of the adhesion layer on the
electrical interconnects. 3. The method as claimed in claim 1 wherein:
forming the adhesion layer forms the adhesion layer thicker than the

stress-relieving layer; and mounting the semiconductor chip mounts the
adh&Sf APk hoife Erngedniptefebrffed iy deidtve shE idssofa R pfth
4. The methedeamgelapreddnielaimdofuriheraomnprisinge: farmingrmaicoaddikonal

stregy e IRGI WG ARuthe AHRESIONIAY&T.ARY MBWILNG G Semicerguctor

chip maunts the additional stress-relieving layer on the electrical

inter@fnects. 5. The method as claimed in claim 1 further comprising:

electrically dbmnéctingahedsermicoltiuctonthipia tirue eetkicalsintercophetts

with.R@RgbWiESoAHE BREAPSWIEHI0G i SemiEaRHUEIeLERIBIE.NABHIIFES,

ZQS glg‘%evé%'a%‘férégﬁ‘l'ﬁ'é‘rfse, "GONNRSS Wiporions, gLine flecuical Interconnes
configurations are straightforward, cost-effective, uncomplicated, highly versatile,
accurate, sensitive, and effective, and can be implemented by adapting known
components for ready, efficient, and economical manufacturing, application, and
utilization.

While the invention has been described in conjunction with a specific best
mode, it is to be understood that many alternatives, modifications, and variations will be
apparent to those skilled in the art in light of the aforegoing description. Accordingly, it
is intended to embrace all such alternatives, modifications, and variations, which fall
within the scope of the included claims. All matters hithertofore set forth herein or
shown in the accompanying drawings are to be interpreted in an illustrative and non-

limiting sense.



6. A method of manufacturing an integrated circuit package system
comprising: providing an integrated circuit wafer having an active side and a
backside; forming a low modulus stress-relieving layer on the backside of the
integrated circuit wafer; forming a high modulus adhesion layer on the low
modulus stress-relieving layer; fully or partially curing the low modulus
stress-relieving layer or the high modulus adhesion layer; dicing the
integYateld ¢l Wafer into a semiconductor chip with the low modulus
stress-reliqying Ig}/enrl %E)q IQF hia%h modulus adrgesi(gel?1 Iaxer. over,the bagkside

€ ufacturing an_ integra cuit” packagé€ sysiem
of the semlconductor chip; an mounting the semiconductor 8F1Ip %ncﬁ% ing

the FOWAYBRRilUS stress-relieving layer on the backside and the high modulus
adhesion layeidon leadfingedsircuit wAfef hevimethedadclaimed in claim 6

wherein: fosming the.Mighirvadulys adhesieRiayarfeimsthe Righ;maglus

adhesion layer on selected regions of the low modulus stress-relieving layer;
forming an adhesion layer on the stress-relieving layer;

dicing the integrated circuit wafer into a semiconductor chip with the stress-
relieving layer and the adhesion layer over the backside of the
semiconductor chip; and

mounting the semiconductor chip including the stress-relieving layer on the

backside and the adhesion layer on electrical interconnects.

2. The method as claimed in claim 1 wherein:

forming the adhesion layer forms the adhesion layer on selected regions of the
stress-relieving layer;

dicing the integrated circuit wafer leaves portions of the adhesion layer only
adjacent the diced sides of the semiconductor chip; and

mounting the semiconductor chip mounts the portions of the adhesion layer on

the electrical interconnects.

3. The method as claimed in claim 1 wherein:

forming the adhesion layer forms the adhesion layer thicker than the stress-
relieving layer; and

mounting the semiconductor chip mounts the adhesion layer on the electrical

interconnects and over the sides thereof.

4. The method as claimed in claim 1 further comprising:
forming an additional stress-relieving layer on the adhesion layer; and
mounting the semiconductor chip mounts the additional stress-relieving layer on

the electrical interconnects.

5. The method as claimed in claim 1 further comprising:

electrically connecting the semiconductor chip to the electrical interconnects
with bond wires; and

encapsulating the semiconductor chip, the bond wires, and the electrical

interconnects with portions of the electrical interconnects exposed.
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dicing the integrated circuit wafer leaves portions of the high modulus
adhesion layer only adjacent the diced sides of the semiconductor chip; and
mounting the semiconductor chip mounts the portions of the high modulus
adhesion layer on the leadfingers. 8. The method as claimed in claim 6
wherein: forming the high modulus adhesion layer forms the high modulus
adhesion layer thicker than the low modulus stress-relieving layer; and
mounting the seridBeiHOEtOF PApUIEUHREIIAB fitfaTARIdEiios apisbatormgEs@r on
the l@aghfingers and bonded to the sides thereof. 9. The method as

claimed in cIaL 6furtherﬁecﬂ1 rlsm chrmln ddltona Engdulus

é) an Integr, i 0 A% s1 € an da
stress-reli Vln er ont U us aanesion ayer an mountlng the

semicond u&tﬁrngm pomawatﬂum@r@ddm@nag lay¢op il wecsti@sstraliaviqigalayer

on the leadfingers
Ciicuit wafer;

forming a high modulus adhesion layer on the low modulus stress-relieving

layer;

fully or partially curing the low modulus stress-relieving layer or the high

modulus adhesion layer;

dicing the integrated circuit wafer into a semiconductor chip with the low
modulus stress-relieving layer and the high modulus adhesion layer over
the backside of the semiconductor chip; and

mounting the semiconductor chip including the low modulus stress-relieving
layer on the backside and the high modulus adhesion layer on

leadfingers.

7. The method as claimed in claim 6 wherein:

forming the high modulus adhesion layer forms the high modulus adhesion layer
on selected regions of the low modulus stress-relieving layer;

dicing the integrated circuit wafer leaves portions of the high modulus adhesion
layer only adjacent the diced sides of the semiconductor chip; and

mounting the semiconductor chip mounts the portions of the high modulus

adhesion layer on the leadfingers.

8. The method as claimed in claim 6 wherein:

forming the high modulus adhesion layer forms the high modulus adhesion layer
thicker than the low modulus stress-relieving layer; and

mounting the semiconductor chip mounts the high modulus adhesion layer on

the leadfingers and bonded to the sides thereof.

9. The method as claimed in claim 6 further comprising:
forming an additional low modulus stress-relieving layer on the high modulus

adhesion layer; and
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10.The method as claimed in claim 6 further comprising: electrically
connecting the semiconductor chip to the leadfingers with bond wires; and
encapsulating the semiconductor chip, the bond wires, and the leadfingers
with portions of the leadfingers exposed.

mounting the semiconductor chip mounts the additional low modulus stress-

relieving layer on the leadfingers.

10. The method as claimed in claim 6 further comprising:

electrically connecting the semiconductor chip to the leadfingers with bond
wires; and

encapsulating the semiconductor chip, the bond wires, and the leadfingers with

portions of the leadfingers exposed.
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